Study design: A case report of intramedullary spinal cord teratoma with remote diastematomyelia in a female adult.
Introduction
Spinal intramedullary teratomas are unusual dysembryogenic lesions accounting for only 0.2-0.5% of all spinal cord tumors. 1, 2 Their association with diastematomyelia is extremely rare, and very few cases are reported in the literature. [3] [4] [5] We present a female adult with a thoracic intramedullary teratoma, coexisting with diastematomyelia in the lumbar spine. Furthermore, we discuss the importance of early diagnosis and surgical intervention of the responsible lesion.
Case report
A 44-year-old woman presented at the Neurosurgical Department of Thriasio General Hospital, Elefsis, Greece, with a 5-year history of progressive neurological deterioration. There was no history of trauma and recent illness. This woman experienced pain and paresthesias on the left side of the body from the level of the umbilicus and below radiating into the ipsilateral leg, which were followed by numbness of the left leg, progressive weakness of lower limb muscles and gait disturbances. Thus, she had difficulty in walking, and was able to stand and walk only with assistance. There was no family history for any neurological disorders or congenital anomalies in the spinal cord.
The physical examination revealed extended muscle weakness on the left leg, especially affecting the thigh flexors and adductors (about 2 þ /5 strength). Plantar flexion and extension were 3 þ /5 and 4 þ /5, respectively. Deep tendon reflexes (knee and ankle jerk) were both increased without producing clonus. ASIA (American Spinal Injury Association) motor score in the lower extremity was 24/25 for the right leg and 14/25 for the left leg. Pain arising from the level of the umbilicus had a zosteroid character and was more evident on the anterior part of the leg proximally. Sensory disturbances extended from the level of T8 on the left side to the distal limb, and were more prevalent on the anterior side. Moreover, the neurological examination at the contralateral side of the lower extremity demonstrated slight thermal changes and decreased sensation to light touch. Deep touch and proprioceptive changes were intact. The patient reported no changes in bowel and bladder function. ASIA sensory examination score was 89/112 for light touch and 86/112 for pin prick sensation. The examination of the right side of the body apart from thermal changes and light touch deficits was normal. The clinical picture resembled the Brown-Sequard syndrome.
Plain radiographs at the level of cervical and thoracic spine showed no evidence of vertebral body anomalies, scoliosis or decreased intervertebral disc height and no association with spinal dysraphism. On the other hand, plain X-ray films of the lumbar and sacral spine demonstrated decreased intervertebral height at the level of L2-L3, erosion of the pedicles, spina bifida and transitional L5 vertebrae.
The patient underwent MR imaging of the thoracic and lumbar spine. In the lower thoracic spinal cord a heterogenous mass was visualized, extending from the T8 to T10 level with areas consisting of adipose tissue ( Figure 1 ). According to the radiologists, these findings were compatible with a dermoid cyst. The MR imaging of the lumbar spine revealed a spinal canal divided into two sections (parts) at the level of L2-L3 vertebrae extending to the soft tissues. These findings were consistent with a diagnosis of diastematomyelia ( Figure 2 ).
It was decided that the principle lesion was the teratoma, so the surgeons proceeded to remove the tumor and not to operate diastematomyelia. During surgery, a T8-T10 laminectomy was performed. The dura was opened through a midline incision revealing a pinkish-yellowish and irregular tumor suggesting teratoma. The tumor extended mostly between T8 and T9 vertebrae, was intramedullary in origin, but had also extramedullary-intradurally components. The intradural portion of the mass was totally removed. The operation proceeded via a postero-intermediate myelotomy, since the tumor emerged from this area of the spinal cord. The central part of the neoplasm was strongly adherent to the cord. A part of the intramedullary tumor was excised carefully by bipolar cauterization and ultrasonic aspiration. Intraoperatively, somatosensory-evoked potentials were used and, because they showed changes during the attempt of capsular resection, tumor capsule and an intramedullary component of the mass were left aside to avoid further morbidity. In this way a subtotal excision of the mass was accomplished with a portion of the tumor left on the inner aspect of the spinal cord around the central canal. The dura mater was closed primarily in a water-tight fashion.
Immediately postoperatively, after an initial deterioration in the motor signs, the patient experienced a slight improvement in the symptoms concerning sensory defects. After 2 days she was mobilized, got up and was able to walk with a solid cane wearing a waist support. The patient was discharged from the hospital 7 days postoperatively for further rehabilitation therapy, while corticosteroid administration discontinued.
By 6 months postoperatively, she gained some of her strength in her lower extremity, that is, thigh flexion and adduction 3 þ /5. ASIA motor score in the lower limb improved to 43/50 (25/25 for the right leg and 18/25 for the left leg). A year after the operation, proximal lower limb strength remained unchanged, but she demonstrated further improvement on the sensory deficits in terms of pain and paresthesias. ASIA sensory score was modified positively as well (93/112 for light touch and 90/112 for pin prick sensation). Moreover, by that time hip flexion and extension improved and she regained full strength in the distal lower limb muscles.
Thoracic and lumbar MR imaging were performed at 6 and 15 months postoperatively. A small amount of residual tumor was observed in the central spinal cord, which remained unchanged.
The tissue was processed in the conventional manner with formalin fixation followed by paraffin embedding. Grossly, the tissue consisted of multiple tan fragments with soft consistency. Histopathological examination 
Discussion
Teratomas are uncommon intraspinal lesions, and their pathogenesis remains unclear. However, the most acceptable theory supports that they are derived from multipotential germinal cells which are misplaced during the early stages of embryonic development.
6,7 They account for 0.2-0.5% of all spinal cord tumors, and only 2% of all teratomas occur in the central nervous system. 1, 2 According to the relevant literature, the most frequent site of intramedullary teratoma is the conus medullaris. 8, 9 Teratomas belong to a group of tumors classified as inclusion tumors. Willis 10 defined teratoma as a true tumor or neoplasm composed of multiple tissues of kinds foreign to the part in which it arises. True teratomas are histologically characterized by the presence of three germinal layers. 7, [10] [11] [12] Tapper and Lack   11 reviewed 256 teratomas in children, and only four were located inside the spinal canal. Sloof et al 2 reported 301 intramedullary spinal cord lesions and distinguished only two cases of teratomas. In a review of the literature, Caruso et al 8 described a total of 33 cases of intramedullary teratomas, including three with diastematomyelia.
Diastematomyelia or split cord malformation (SCM) is a form of spinal dysraphism referring to a congenital splitting of the spinal cord. It was first reported by Ollivier in 1837 and is usually accompanied by a number of other malformations. 13 It is a rare condition and very few cases have been reported in adults. 14, 15 According to Pang, two types of SCM exist: Type I is defined as two hemicords, each within a separate dural tube separated by a dural-sheathed osteocartilaginous medial septum. Type II consists of two hemicords within a single dural tube, separated by a nonrigid fibrous septum (diplomyelia). [16] [17] [18] Our case was type I SCM. With the evolution and further accessibility of modern neuroimaging techniques, this entity is becoming more frequently diagnosed. 19 In adults, intraspinal teratomas coexisting with split cord malformations have been rarely reported, especially those concerning the association of intramedullary teratomas with diastematomyelia.
3,4 Rosenbaum et al 20 reported an adult case with both SCM and intradural teratoma. Interestingly, of the 12 cases with simultaneous presentation of SCM and intradural spinal teratoma described by Hader et al, 4 only two were noted in adults. Elmaci et al 3 presented a case of intradural spinal teratoma with diastematomyelia in a 42-year-old man, who was operated and demonstrated partial resolution of his symptoms one year after surgery.
Our case is unique because it does not only display the simultaneous appearance of intradural spinal teratoma and diastematomyelia, but also occurs in a female adult, has a history of 5 years from the onset of symptoms and the SCM exists at a remote site from the tumor. Additionally, the mass is intramedullary in origin with exophytic growth.
The treatment of diastematomyelia was considered not necessary because the patient did not manifest signs attributable to this pathology. On the other hand, the clinical picture implicated spinal cord compression at the level of T8-T10 due to teratoma. It must be emphasized that, postoperatively, signs attributable to L2 and below segments pathology showed improvement. Moreover, the postoperative improvement in hip flexion and extension justified the decision to remove the teratoma and not to treat diastematomyelia.
The aim of surgery should be radical extirpation of the mass whenever possible. In cases of intramedullary confinement of the tumor, this is almost impossible without some injury to the neural tissue. The reason is that the tumor is often strongly adherent to the surrounding nervous structures. Hejazi et al 21 suggested that in order to prevent traumatizing adjacent spinal cord in cases where the teratoma tightly adheres to functional neurological tissue, an aggressive surgical attempt is not recommended. However, even in such cases, some late improvement might be expected under intensive physiotherapy. Total resection of extramedullary components is often feasible without undesirable consequences.
Intraoperative recording of somatosensory-evoked potentials provide further information regarding the neurophysiological status of the surgically manipulated neural tissue. In the present case, they were seriously taken into consideration since they demonstrated changes intraoperatively and drove the surgeons not to proceed to radical tumor excision. However, there are cases with somatosensory-evoked potentials changes, but with no neurological deterioration detected postoperatively. 22 Surgery should be the first choice of treatment. Additionally, because of the benign behavior of these masses, a subtotal tumor resection can often provide acceptable results with no recurrence even for many years after the initial operation. On the other hand, in cases where parts of the nervous system are already injured irreversibly, as it occurred in our patient, the likelihood of complete recovery remains uncertain, even after a successful tumor resection.
Conclusions
In an adult presenting with a spinal teratoma, the whole spinal column must be evaluated to detect possible dysraphism. The probability of neurological deterioration and the establishment of permanent neurological deficits reinforce the aspect of early surgical removal. On the other hand, the surgeon has to rely more on his experience and the use of atraumatic manipulations, apart from the adjunct intraoperative neurophysiological facilities.
